This paper examines the co-integration and long run elasticity between electricity consumption (EC) and economic activities (FDI, export and industrial value added) for the 1971-2011 period. The F-Bound test was employed to estimate the long run relationship among the variables and logarithmic multiple regression model to determine the magnitude of changes in electricity consumption when there is a changes in economic activities. It shows a significant long run relationship among electricity consumption, FDI, export and industrial value added. This means that all the aforesaid variables achieve equilibrium in the long run and there is a possibility of causal relationship among variables at least in one direction. Also, it shows an evidence to the future researcher and academician particularly to developed general understanding and guidance for policy formulation.
Introduction
As a climate change and greenhouse gas (GHG) emissions become a hot issue in current decade, many researches have an interest to explore the linkages between energy sector and economic performance. The analysis on the linkages between energy and economic performance was started by Kraft and Kraft (1978) . They found an evidence of causal relationship running from GNP to energy consumption in USA. Using a different time frame, Akarca and Long (1979) found unidirectional relationship from energy consumption to level of employment. Jumbe (2004) ; Shui et al. (2004) ; Mozumder et al. (2007) ; Tang (2008) ; Akinlo (2009); Bekhet and Othman (2011b) studies have proven the strong link between energy/electricity and GDP (see Table 1 (a)). Furthermore, some studies have been focused on carbon dioxide (CO 2 ) emission and GDP (Ang, 2008; Lane, 2011; Saboori, Sulaiman & Mohd, 2012) , while some of them studied the relationship between energy and emission (Lane, 2011; Pao & Tsai, 2011; Hussain, Javaid, & Drake, 2012; Al-Mulali, 2012; Ang, 2007; Bekhet & Othman, 2013) .
In this respect, almost all countries around the globe have their general mission which is sustainable economics growth. As for Malaysia, they faced a great challenged to achieve the GDP growth of 6 percent per year over the next five year as drafted in 10th Malaysia Plan. They have to increase economics activities domestically and internationally by producing a good quality of goods and services, and all this require energy. Unfortunately, energy is one of major source of CO 2 emission. It considered to be the biggest culprit behind global warming (Pride & Baek, 2014; Ivy-Yap & Bekhet, 2014; Indati & Bekhet, 2014) and it was created through the combustion of fossil fuels (e.g., coal, gas and oil) to generate electricity. This phenomena would be a big challenge to Malaysia's policy makers in order to achieve prosperity growth while ensuring low energy consumption and CO 2 emission. Moreover, Malaysia has agree to reduce the carbon dioxide by up to 40 percent by year 2020 in comparison to 2005 level (Bekhet & Yasmin, 2013) . GDP growth (see Table 1 (b) and 1(c)). In Malaysia, FDI have been considered as a growth engine to achieve the GDP growth of 6 percent (Bekhet & Othman, 2013) .
In addition to all this, the objectives of this paper are: first, to evaluate the long run relationship between electricity consumption (EC) and innovative economic activities (Industrial value added (VA), foreign direct investment (FDI) and export (X)). They are categoried as innovative economic activities because of the following reasons: (1) In Malaysia, FDI could improve the energy efficiency by restructuring of production and technology transfer (Hamdi et al., 2014) . (2) Export could contribute to innovation through technology / productivity effect. The government have spent on research and development, replace the obsolete and dirty technology with new technology to improve environmental quality (Lau et al., 2014) and energy intensity. Thus, quality of human capital and technology could improve and boosted the industrial sector. Second objectives is to measure the degree of elasticity or the magnitude of changes of EC when the components of economics activities changed (Shahbaz, 2012; Shahbaz & Lean, 2012) . The current study is different with the previous studies in several ways: (a) focus to Malaysia scenario; (b) focus on renewable energy consumption; (c) used industrial value added to represent innovative economic activities rather than common proxy which is GDP. Based on the findings, it would then be possible to determine which policy is the most appropriate for Malaysia scenario. Also, it could serve as evidence to the future researcher and academician particularly to develop general understanding and guidance for policy formulation. The knowledge in this area is crucial in order to develop a solid and effective energy and environment policy. Thornton (1996) Vol. 6, No. 8; 2014 80 The rest of the paper is structured as follows: Section 2 presents the background of electricity consumption and economic activities in Malaysia. Section 3 reviews the past literature. Section 4 defines the variables and data sources, and section 5 describes the methodology of the study. Section 6 includes the results and discussion. Finally, the conclusions and policy implications are presented in section 7.
Electicity Consumption and Economics Activities in Malaysia
Electricity is one of vital input for many economic activities such as manufacturing, plantation, services, transportation and more. Figure 1 , reportes the total electricity consumption in Malaysia growth by 6.6 percent for the 1971-2011 period. The industrial sectors lead as a major consumer of electricity with its share accounted about 43.9 percent of total consumption in 2011. It followed by commercial, residential, agriculture and transportation sectors which accounted 34.3 percent, 21.4 percent, 0.3 percent and 0.2 percent of total consumption, respectively (National Energy Balance, 2011).
While, the export and FDI supported the development of commercial, residential, agriculture and transport sectors as well as contributed to the growth of electricity usage. Malaysian export and FDI show an increasing trend and growth rate by 6.8 percent and 8.8 percent, respectively for the above period (see Figure 1 ). In short, electricity consumption, GDP, FDI and X show an upward trend hand in hand. Since then, there is a possibility of a long run interaction among these economic indicators. The main contribution of the export growth rate for the 1971-2011 period was the sales of the manufacturing goods such as electrical and electronic products. Thee ASEAN countries, followed by Japan, China, European Union and United State are the main Malaysian export partners. The export is very important weapon for a country to stimulate growth and to reduce the long term debt. Also, FDI also showed an increasing trend for the above period. Recently, Minister of International Trade and Industry (MITI) announced that Malaysia's FDI increased by 24 percent as compared to 2012. Manufacturing, services and mining sectors contributed to this performance by 37.6 percent, 28.8 percent and 28.7 percent, respectively.
VA, FDI and X are considered as an innovative economic activities due to its ability to absorb knowledge and technical knowhow from their business partners. These activites are linked to electricity consumption in two different axes (see Figure 2 ). Scale effect: The increased in FDI and X will lead to a substantial increase in the scale of production and consumption of electricity.Technology effect:The increased in FDI and X lead to increase the scale of production, but reduce the electricity consumption through its ability to absorb new technology from their partners. They used the energy saving and new clean machineries; and removed the obsolete and dirty machineries. Note. referes to scale effect and refers to Technique/productivity Effect.
Past Studies
The current study investigates the roles of innovative economic activities in determining the level of electricity or energy consumption in Malaysia. Industrial value added, FDI and export are employed to represent innovative economic activities due to its ability to absorb knowledge and technologies knowhow from other countries and then translate it into production efficiency that increased output by reduce the electricity consumption.
The past literature review are split into three strands. The first strand deals with the link between EC, export and GDP. Awokuse (2007) examined the causal relationship between export, imports and economic growth by using Johansen co-integration and granger causality test for transition economies (Bulgaria, Czech Republic and Poland). The author found all variables in his study are co-integrated for 1994-2004 period. Also, he found bidirectional granger causality between X and GDP growth; and unidirectional causality running from GDP growth to import in the short run. Narayan and Smyth (2009) shown that the co-integration relationship among GDP, EC and export is exited. Furthermore, the short run causality running from EC to GDP, GDP to export and no direct causal relationship between EC and export have found. In the long run, they confirmed the bidirectional causality from export to GDP and EC.
Lean and Smyth (2010a) utilized annual time series (capital, labor, EC and X) for 1971-2006 period. They revealed the bidirectional short run and long run causality between EC and GDP, and unidirectional long run causality from X and GDP, however no connection between X and EC. In another paper, Lean and Smyth (2010b) analyzed the co-integration and causal relationship using the same methodology to Malaysia time series over the 1970-2008 period. Instead of using EC, they employed electricity generation (EG) to represent energy and combined it with X, price and GDP. They found the existence of co-integration relationship among the aforesaid variables, and long run causal relationship from GDP and price to EG, and EG to X.
Halicioglu (2011) used bound testing procedure and granger causality to analyze a dynamic relationship between income, EC and X in Turkey. He revealed the causal relationship running from X and EC to output in the long run. While in the short run there is a bidirectional causality between EC and output; and X and output. Also, there is unidirectional causality running from X to EC. Sami (2011) used the same methodology to analyze co-integration and causal relationship between X, EC and income per capita in Japan for 1960-2007 period. The results show a long run causality running from X to EC; and income per capita to EC. Sadorsky (2011) analyzed the dynamic relationship between X and EC in the Middle East countries and found bidirectional causality between import and EC. He also found a unidirectional causality running from EC to X. In another study, Sadorsky (2012) analyzed a dynamic relationship between EC, output and X in South America. He found unidirectional causality running from EC to X and import. Dedeoglu and Kaya (2013) also analyzed a co-integration and causal relationship between EC, GDP and trade (export minus import) using panel co-integration method developed by Canning and Pedroni (2008) . The results shows the existence of co-integration relationship among variables and bidirectional causal relationship from EC and trade. Vol. 6, No. 8; The second strand deals with the relationship between energy, FDI and GDP. Bekhet and Othman (2010) Based on the previous findings, this study hypothesized that there is a long run relationship between export, FDI and electricity consumption in Malaysia. In particular, the positive relationship will exist between EC and innovative economic activities if the scale effect exceed the technical effect. However, if the technical effect is greater than scale effect, the relationship between them could be negative.
Data and Variables
In current paper, annual time series data of EC, X, FDI inflow (FDI), and VA for the 1971-2011 period for Malaysia are used. Since the amount of electricity consumption and export is huge compare to other time series data, we used electricity consumption percapita (EC devide total population) and export percapita (export divide total population) as a proxy to measure level of electricity usage and export activity in Malaysia. The reason of utilizing the small value of respective time series data is to induce the process to achieve stationarity.
FDI, X and VA are used to represent the innovative economics activities due to its' capability to absorb new technology from other countries through knowledge and labor transfer. For instant, through FDI, the host country could built up or improve human capital and infrastructures (Balasubramanyam et al., 1999) , increase return in domestic production (Luiz, 1997), and increase their capability of advance technology (Borensztein et al., 1998) . Battern and Vo (2009) stated that FDI can stimulate economic growth through technology transfer and diffusion, spillover effects and productivity gains and introduction of new process and managerial skills.
All variables are expressed in logarithmic form in order to obtain more stationary behavior (Bekhet & Othman, 2010) , and reduce the possibility of heteroscadasticity and autocorrelation to be exist. The detail and sources of variables used in this study are shown in table 2. One of the significant step in this area is to improve data quality. This is because it would reduce the possibilities of specification bias to be occurred. In one hand, the normality test of the data and degree of correlation among www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 6, No. 8; 83 data employed in this study are observed. Normality mean symmetric or skewness and has a bell shape with a peakedness and tail thickness (Hill et al., 2008) . For hypothesis testing of normality, we used Jarque-Bera (J-B) normality test. The p-value for J-B is greater than 5 percent indicate that we failed to reject or the data is normally distributed and vice versa. Table 3 shows the results of the descriptive statistic and interrelationship among the variables of the study. The result of the J-B test (P-value > 0.05) indicates that most of the variables are almost normally distributed. Beside the relationship among variables, partial correlation matrix is used. The correlation coefficient between EC and FDI, X and VA are positive and strong relationship. This means if economic activities increased, electricity consumption also will be increased, vice versa.
Methodology
The main objective of the present paper is to investigate the long-run relationships between electricity consumption (EC) and the degree of economic activitites, and estimating the electricity consumption elasticities over the period 1971-2011. By taking Keynesian theory of aggregate demand (AD) as the underpin theory, the level of electricity demand and consumption is depend on output produce (VA is used as a proxy), FDI and X. Also, FDI and X would stimulate VA through scale effect and influence the level of electricity demand in the country. Following the empirical literature in EC, it is plausible to form the long-run relationship among EC, FDI, X, and GDP in linear form, with a view of testing stantionarity, the long-run and estimating the electricity consumption elasticities between these variables in Malaysia as follows .
where, lec t , lva t , lfd t , and lx t represent logarithm of electricity consumption percapita, industrial value added, FDI and export percapita, respectively. The stationary test is a crucial step to ensure the quality of data that is used to analyse the co-integration among the above variables. Macroeconomic time series is usually non stationary and posses a trend over time. Evidence from the past studies suggested the presence of unit root in most of financial and economics variables (Montgomery et al., 2008; Bekhet & Mugableh, 2012) . Stationary is a condition when the time series has constant mean, constant variance and constant auto covariance structure. There are number of methods to test the stationarity. Traditionally, stationarity test such as ADF test (Dickey & Fuller, 1979) , P-P test (Phillip & Perron, 1988) , KPSS (Kwiatkawski, Phillip, Schmidt, & Shin, 1992) , DF-GLS (Elliot, Rothemberg, & Stock, 1996) and Ng Perron (Ng & Perron, 2001) . In this study we applied ADF, PP and KPSS tests and the results are compared among each others for consistency purposes and robostness. Theoritically, all of the aforesaid tests could solve an autocorrelation and heteroscadasticity problems in the residual of OLS regression. ADF test can overcome this problem by adding lagged value (k) of dependent variable and the appropriate number of lag is depend on minimum value of SIC and AIC of OLS regression. ADF test followed the model in equation 2.
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On the other hand, PP test overcome an autocorrelation problem by modifying the test statistic. The hypothesis stated, : 0 or non stationary and : 0 for stationary. However, as for KPSS statistic, the hypothesis was in opposite manner. If ADF statistic (PP statistic) is greater than the critical value of 5%, then cannot be rejected, suggesting that the time series is not stationary. However, if the time series is not stationary, we should proceed with stationary test at first difference I(1), then if time series still not stationary, we proceed with stationary test at second difference I(2). Usually, the macroeconomic data are stationary at first and second difference (Bekhet & Othman, 2011) .
Co-integration test.
After stationary test have been done, we proceed with co-integration test. The purpose of this aforesaid test is to determine the existence of the long run relationship among time series. For the purpose of this study, we employed ARDL bound testing approach proposed by Pesaran, Shin and Smith (2001) . There are 3 advantages of this method. First, it is appropriate for small sample size. Second, it also appropriate if time series are stationary at I(0) or I(1) or mixed. And finally, ARDL can be used to estimate short run and long run relationship simultaneously. The ARDL bound test is based on the unrestricted error correction model (UECM) as shows in equation (3).
Where ∆ is the first difference operator, lec, lfd, lx and lva represent logarithmic of electricity consumption, FDI, export and industrial value added respectively. For the purposed of this study, the structural lags are restricted to 2 because of we are using a small sample size and more lags could reduce the degree of freedom in the analysis. Alternatively, the selection of lag is depend on the minimum value of AIC and SBC. Then, Breush-Godfrey serial correlation Lagrange Multiplier test was used to detect the serial correlation problem. We set : versus :
. If the p-value is greater than 5% level of significance, we cannot reject for no serial correlation to be exist.
To determine long run relationship among the variables, we set H 0 : θ 1 =θ 2 =θ 3 =θ 4 =0 for no co-integration versus H 1 : θ 1 ≠θ 2 ≠θ 3 ≠θ 4 ≠0 for co-integration exist. The decision to reject/accept is depended on the value of F-statistic. In this case, we are using critical bound generated by Narayan (2005) due to it's ability to cater small sample size (30 < t < 80), while critical bound generated by Pesaran et al (2001) are suitable for large sample size (500 < t < 40,000). The F-statistic value is compare to the I(1) and I(0) value provided by Narayan (2005) . If the F-statistic is greater than respective I(1) value, will be rejected. Conversely, if F-statistic value is below I(0), we failed to reject , which means not co-integrated. In addition to that, CUSUM test is applied to assess the stability of ARDL model. If the plot of CUSUM and CUSUMQ statistics stay within the 5 percent range of the significance level (within the two straight lines), the null hypothesis states that all coefficients in the model are stable and cannot be rejected (Bahmani-Oskooee & Ng, 2002; Bekhet & Matar, 2013) .
In order to realize the second objective of this study which is to assess electricity elasticity, the following equation is computed (Shahbaz, 2012; Shahbaz & Lean, 2012) . Table 4 shows that all the variables of the study are stationary at I(1). However, some variables showed a stationary www.ccsenet.org/ijef
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International Journal of Economics and Finance Vol. 6, No. 8; behavior at level and with trend when ADF and KPSS tests are applied. These are lec and lfd, while the remainders time series data performed stationary at level when we applied KPSS test. Selection of the approptiate lag length is necessary for the F-bound approach because the calculation of F statistic is sensitive to any lag order (Shahbaz, 2012) . Based on the minimum value of SIC and AIC, the appropriate lag length for this model is 2. Then Hendry's general-to-specific method is used by eliminate the highest insignificant short run independent variables until the model is free from serial correlation problem.
Then, F-bound test is used to assess the long run relationship. The results shows that the F-statistic value is greater than upper bound critical value (see table 5 ). This indicate that all variables are co-integrated and moving together in the long run. These results are confirmed when used the Engle-Granger co-integration procedure at 1% significant level. This is consistent with earlier studies (Halicioglu, 2011; Awokuse, 2007; Lean & Smyth, 2010a , 2010b Dedeoglu & Kaya, 2013) . This result shows that all of the aforesaid variables are linked together and influence each other in the long run. Also, it indicates that there is a possibility of a causal relationship to be exist at least in one direction. The long-run and short-run dynamic results are reported in Table 6 . The diagnostic tests for the model are as presented at the bottom of the table. Vol. 6, No. 8; In addition to that, the CUSUM test was applied to assess the stability of long run parameters for electricity consumption model. The plotted data is found within the critical bounds, implying that all coefficents in the error correction model are stable (see Figure 3) . Therefore, we can use this model for decision making purposes which involving long run relationship among EC, FDI, X and VA variables since the parameter in this model follow a stable pattern during estimation period. 
Assuming other thing remained constant, the results reveale a 100 percent increase in the FDI, export and industrial value added will contribute to 8.3, 48, and 35.4 perecnt, respectively increased in electricity consumption. For instant, export are found as a major influencer of electricity usage compare to FDI and industrial value added in the long run. Besides, the parameters of the variables (Equation 5) indicate that the scale effect was exceed the performance of technology/productivity effect during the period of study .
Conclusions and Policy Implications
This study examines the long run relationship between electricity consumption and economic activities in Malaysia for the 1971-2011 period. Also, it assesed the long run elasticities of electricity consumption. Annual time series for the industrial value added, FDI and export are used to represent innovative economic activities due to its' ability to absorb new technology from other countries through knowledge, labor transfer and then, through scale effect its' stimulate economic growth.
ADF, PP and KPSS tests showed that the data is stationary at I(1) which mean the data is moving around mean and have constant variance. These tests also able to tackle the problem of autocorrelation if it exists. Then, F-bound test is applied to assess the long run relationship among aforesaid variables. The results shown that the F statistic fell beyond the upper bound critical value provided by Narayan (2005) , and this indicated the existence of the long run relationship among the variables. This result is confirmed by using Engle and Granger co-integration procedure.Also, it is consistent with Halicioglu (2011); Awokuse (2007); Smyth (2010a, 2010b) ; Dedeoglu and Kaya (2013) . Besides, it gives us an information that all the aforesaid variables will achieve equilibrium in the long run and there is a possibility of causal relationship among variables at least in one direction. In addition to that, the logarithmic multiple regression model is employed to determine the magnitude of changes in electricity consumption when there is a change in economic activities. The results revealed that export as a major determinant of electricity consumption compare to FDI and industrial value added in the long-run. Therefor, the results indicate that a 100 percent increased in export, contribute to 48 percent increased in electricity consumption. Moreover, the empirical evidence showed that there is a positive relationship between EC with VA, FDI and X.
Validating the positive relationship between EC and innovative economic activity's components (VA, FDI and X) in Malaysia is crucial for designing energy efficiency policy. However, in order to realize the Malaysia aspiration in year 2020, all the authority of a country has to work hand in hand seriously. Also, it is recommended that the
